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SYNTHESIS OF ADENYLYL-(5' - N)-AMINO ACIDS (PEPTIDES) #/235
BY MEANS OF THE CARBODIIMIDE METHOD

T.S.Ryabova, Z.A.Shabarova, and M.A.Prokoftyev™
18483

Carbodiimide activation of phosphorus acid residue has been
used to synthesize adenylyl-(5t — N)-amino acids (peptides).
The method developed makes it possible to obtain nucleotide
| derivatives of esters of amino acids and peptides both for
o~ and €-amine groups. Conditions of alkaline hydrolysis
of the ester bond in the esters of nucleotidyl-(5*' - N)-
amino acids are described which provide for a good yield

of nucleotidylamino acids with a free carboxyl group. UV

and IR spectra, electrophoretic mobility, and R, values in

1 various systems are given for the nucleotidyl-(5' = N)-
amino acids (peptides) synthesized. ,ié”vv*“ké\/ E
To define the role of the nucleotidopeptides, containing a phosphoamide |
‘bond (Bibl.l), it is of interest to study the mechanism of conversion in modelé
.of such compounds. The formation of a phosphoamide bond between the mononucleo—
‘tldes and the peptide (amino acid) fragments is an important problem in the E
;synth651s of such model structures. In an earlier paper (Bibl.2) we described '
i;‘t,he use of N,N'-dicyclohexylcarbodiimide (DCC) for this purpose on the example;

‘of the synthesis of adenylyl-(5!' — N)-phenylalanine ester (Bibl.l).

In this paper, we will describe the application of this reagent to the
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;developed by ninhydrin. In determinations of the adenosine-phosphorus-amino
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1

gsynthesis of various amino acid and peptide derivatives of adenylic acid, in-
;cluding its lysine derivative, in which the o-amine group is blocked by the
;carbobenzoxy group, while the e-amine group participates in the formation of
jthe phosphoamide bond.

1. Method

| Systems used in the chromatographic study included: 1) isopropanol,
INHz-H20 (7:1:2); 2) iscamyl alcohol 5% Na,HPO,; 3) butanol, water, CHsCOOH
g(h:B}l) (supernatant layer). The R, values given relate to ascending chromato-
%grams. The paper electrophoresis was made in a borate buffer (pH 8.5) and an
gacetate buffer (pH L.6) for 5 hrs (6 v/cm).

| Leningrad paper "B"™ was used for both chromatography and electrophoresis.

'The substances were detected on the chromatograms and electrophoregrams, from |

{

?the absorption of ultraviolet rays. Compounds with a free amino group were

lacid ratio the quantity of base was calculated from the spectrophotometric

Zdata, using the coefficients proposed by Spirin and Belozerskiy (Bibl.3).

éTotal phosphorus was determined by the Barenbloom-Chine method in the Weil-
‘Malherbe and Green modification (Bibl.,). The amino acids (Table 1; I, II, Vi)
?were determined (Bibl.5) in acid hydrolysates (0.1N HC1l, 1 hr, 100°C) after
échromatography in system 3 [we showed previously (Bibl.6) that, under these
%conditions, complete hydrolysis of the phosphoamide bond in the compound I
itakeé place]. To determine amino acids in the compound III, the acid hydrolys-
:ate was evaporated in vacuo and left standing for 2 hrs at room temperature
‘with glacial acetic acid saturated with HBr (to remove the carbobenzoxy group);

the lysine so formed was quantitatively determined after electrophoresis

2
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, b.S gm) in 15 ml of dimethylformamide. The reaction mixture was shaken until /237

© were added, and the mixture was allowed to stand for 3 days in the thermostat

(6 v/cm, 3 hrs, pH 4.6). In determining the amino acids in the compounds IV

and V, hydrolysis was performed with 6N HC1 (100°C, 2 hrs).

A4

The methyl esters of leucine, alanylvaline, and phenylalanylglycine and the
ﬁenzyl ester of a-carbobenzoxylysine were separated from the corresponding
isalts by treating with chloroform saturated with ammonia; the precipitates were
kiltered off and the filtrates were carefully evaporated at room temperature to
%hick oils. Treatment of these esters of the amino acids with an aqueous solu-
&ion~of alkali, followed by extraction with ether, as was done with the methyl
ester of phenylalanine, did not give the desired results.

i Methyl ester of adenylyl-(5' — N)-leucine (II)}*. To 250 mg (0.7 mmol) of

AMP was added a solution of freshly prepared methyl ester of leucine (3.5 mmol;

dissolved; 0.21 ml (1.4 mmol) absolute triethylamine and 280 mg (1.4 mmol) DNA §

at 37°C; the precipitated dicyclohexylurea was filtered off, and the filtrate %
Mas precipitated with absolute ether in a centrifuge tube. The o0il was tri- |
i‘curatgad several times with absolute ether; the precipitate was decanted, dis-

solved in 50% methanol, and applied in streaks on four sheets of chromatograph ;

paper. The chromatography was run in system 1. After chromatography, the uppef

{

UV-absorbing zone of the chromatogram was eluted with methanol, the eluate was ;

; ,
evaporated to dryness in vacuo at room temperature, the residue was triturated }

with absolute ether, the ether was removed in vacuo, and the substance was

dried over P,0; in a vacuum desiccator. Yield of compound II: 90 mg.

Found (m %): C 41.77; H 6.91; N 19.91; Cyo Hoo OuN.PeNH. .
Calculated (m %): C 41.55; H 6.11; N 19.96. 27 Og Ng a

* The synthesis of the methyl ester of adenylyl-(5' = N)-phenylalanine (I) has .
been previously described by us (Bibl.2) .
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| Benzyl ester of adenylyl-(5' =+ N )-N -carbobenzoxylysine (III). To 35 mg

(0.1 mmol) AMP was added a solution of freshly prepared benzyl ester of a-carbo+
benzoxylysine (Bibl.7) (185 mg; 0.5 mmol) in 3 ml dimethylformamide. The reac-

ition mixture was shaken until dissolved, after which 0.03 ml (0.2 mmol) of abso

dute triethylamine and 4O mg DNA (0.2 mmol) were added. Further treatment was

as described above. Yield of compound III: 6 mg.

Methyl ester of adenylyl-(5' — N)-alanylvaline (IV). To 250 mg (0.7 mmol)

iAMP was added a solution of freshly prepared methyl ester of alanylvaline
;(707 mg; 3.5 mmol) in 15 ml dimethylformamide. The reaction mixture was shaken
mntil dissolved, and 0.21 ml absolute triethylamine (1.4, mmol) and 280 mg
%(l.h mmol) DNA were added. Further treatment was as described above. Yield of

i

%compound IV: 20 mg.

!
- |
Methyl ester of adenylyl-(5' — N)-phenylalanylglycine (V). To 70 mg

" (0.2 mmol) AMP was added a solution (235 mg; 1 mmol) of freshly prepared methyl?

ester of phenylalanylglycine in 5 ml dimethylformamide. The reaction mixture i

was shaken until dissolved, and 0.06 ml (0., mmol) absolute triethylamine and
80 mg (0.4 mmol) DNA were added. The mixture was allowed to stand for 3 days i

at room temperature. Further treatment was as described above. Yield of com- |

pound V: 5 mg. :

Adenylyl-(5' - N)-phenylalanine (VI). To 10 mg of compound I was added

p.s ml of 1N NaOH. The mixture was shaken until dissolved and allowed to stand?
?or 2 hrs in the thermostat at 37°C. To the reaction mixture we added 100 mg |
?f the cationic ion-exchange resin Ku-2 (H') and stirred for 5 min at room temr%
éerature. The resin was filtered off and washed twice with small amounts of ‘
water. The filtrate (pH 6) was evaporated to dryness at room temperature, the z

residue was triturated with absolute ether, the ether was removed in vacuo, and



the substance was dried in a vacuum desiccator over P,05 and paraffin oil.

Yield of compound VI: 6 mg.

2. Results and Discussion

To form a phosphoamide bond between adenylic acid and an amino acid or a
peptide, we used the widely known method of activating the phosphoric acid

?residue in its monoesters by means of carbodiimides (Bibl.8). The adduct A

A=0—P—0H + CH,N=C=NCHy, —

+
?  CNHCHy 0
— A=0—P-0~C — |A=0—P

b NHGHg o
A B
Hy;NCHCOOR.
0 l ' ;
A-—O-—%—NH?HCOOR |
OH R

A - residue of adenosine

formed as a result of the reaction of adenylic acid with DNA is, in the proton i
ifonn, a compound with the highest probability of conversion into the meta- [g§§
phosphate of the nucleotide (B), which then phosphorylates the ester of the ‘
amino acid (peptide), forming the ester of adenylyl-(5' - N)-amino acid (pept- |
:ide). This reaction, however, is accompanied by side reactions, including the |
5interaction of B with the original nucleotide at the phosphoric acid residue,
%to form the symmetrical diadenosine pyrophosphate (VI1), and also at the hy-
jdroxyl group of the sugar, to form the dinucleotide.

To minimize these side reactions, the reaction between AMP and the amino

acids (peptides) was made under the following conditions: 1) A five-fold excess



" this compound accumulates in the reaction medium. The yield of adenylyl- ‘

iof ester and a two-fold excess of carbodiimide was used, minimizing the forma-
Ztion of compound VII; 2) triethylamine was added to the reaction mixture, which
iimproved the solubility of AMP in dimethylformamide and suppressed the formation
of dinucleotide (Bibl.8).

| However, it was impossible to eliminate all side reactions that might take
jplace in this reaction. Thus, we obtained considerable quantities of the amino

acid (peptide) derivative of diadenosine pyrophosphate® (VIII) whose formation

may be represented as a result of the interaction of the ester of adenylyl-

(5t = N)-amino acid (peptide) with B. In some cases a considerable amount of

o o

| robodos |

‘ du i, |
(VI

R; - residue of amino
acid (peptide)

;(5' -~ N)-amino acids is 50 - 60% (Table 1). The dipeptide derivatives of AMP
are formed in a considerably lower yield.

The adenylyl-(5' = N)-amino acids with a free carboxyl group may be obtalned
ﬁy treating the corresponding esters with alkali. 1In this way, adenylyl-~ ‘
;(5' - N)-phenylalanine (VI) was prepared. Table 1 gives a few constants and :
iproperties of the resultant compounds. The adenylyl-amino acids (peptides) are:
hygroscopic and unstable on storage. All of them have the distinct absorption |
ﬁaximum at 258 - 260 mu which is characteristic of adenine, and give a positive;
reaction for the cis-glycol grouping and for phosphorus.
| In an alkaline buffer (pH 8.5), the compounds I - V, having only one dis- ‘

sociable hydroxyl group, show a considerably lower electrophoretic mobility

# Cf. elsewhere (Bibl.2) for the structure of the phenylalanine derivative.

7



I &han AMP which latter, at the same pH value, has two hydroxyl groups in the dist
sociated state. The mobility of the compound VI under these conditions equals
> the mobility of AMP. 1In an acid buffer (pH L4.6), the mobility of the compounds

I - V approaches that of AMP which was found to have only one hydroxyl group in

;the dissociated state.

1}
i

TABLE 2

INFRARED SPECTRA OF COMPOUNDS I - IV AND VI

VIBRATION FREQUENCY . (v), cm !

Compound
Assignment of Fre-
I II II1 Iv VI quency to Form of
Bond
1736 | 1734-1732 | 1739-1929 May be assigned to vi-
1714-1712 brations of ester
1702-1695 carbonyl C = 0
1648 | 16L,7-16L1, 1646 1664-1669 | 163L~16L1, Assigned to vibrations
1 1603 | 1606-160L 1618 1623-1628| 1576-1600 of C=Cand C =N
1 1576 1576 1574 1572-1578 bonds of the adenine
‘ ring
.52 | 1,76-1,72 L7, 1448 1,16-14,20 Assigned to vibrations
14,22-14.20 1456 1454 1472-1471, of C-0 bond of ribose
1214 1215 1166-1168 12,3 1198-1206 May be assigned to vi-
1202 1212-1207 brations of P-O bond
1258
1086 1109 1089-1086 | 1086-1088 | 1060-1069 Assigned to vibrations
1080 1082 1040 1058-1060 of P-0-C bond
1072 1068 1128
822 | 82,-822 825 850 800 Assigned to vibrations
802 800 800 834 of grouping
8‘x>.

Table 2 gives the spectral characteristics of the compounds I - IV and VI %
jin the infrared region. A study of the infrared absorption spectra indicated |
that all of the above compounds show a somewhalt similar picture as adenylic
:acid.

The difference lies in the fact that the appearance of absorption bands

8



ﬁn the frequency interval 800 - 850 cm' is attributable to vibrations of the
:grouping

>N_p\gﬁ:cu o \‘

g,
?or the compounds I - III we found the characteristic frequency of the valence
&ibrations of the ester carbonyl C = 0; in the compound VI, as was to be ex-
jpected, this frequency was absent. Thus, these spectra are not inconsistent

with the structures assigned to the compounds I - IV and VI. One of the methods

TABLE 3

ACID HYDROLYSIS OF COMPOUNDS I - VI

Compound Hydrolysis Products

i I AMP, adenosine, adenine, phenylalanine, methyl
ester of phenylalanine

II AMP, adenosine, adenine, leucine and its
methyl ester !

IT11 AMP, adenosine, adenine, benzyl ester of
a~-carbobenzoxylysine, o-carbobenzoxylysine,
benzyl ester of lysine, lysine

Iv AMP, adenosine, adenine, methyl ester of
alanylvaline, alanylvaline, methyl ester of
valine, valine, alanine

v AMP, adenosine, adenine, phenylalanylglycine,
phenylalanine, glycine

Vi AMP, adenosine, adenine, phenylalanine

used to demonstrate the structure of the compounds I - VI, was that of hydroly-é
sis under acid and alkaline conditions. The cleavage products found in the
acid hydrolysates of these compounds (IN HC1, 10 min, 100°C) after chromato-

graphy in system 3, are given in Table 3.



NI

% In the alkaline hydrolysates of thé compounds I - VI (IN NaOH, 10 min, Végég
jLKPC) we found no substances with a free amino group. Thus, the phosphoamide
%bond in these compounds is unstable in an acid medium and stable in an alkaline
vmedium. [See also elsewhere (Bibl.l, 5) for the acid lability and alkaline
%stability of the phosphoamide bond in nucleotidopeptides.]

| In acid hydrolysis of adenylyl-(5' — N)-peptides, besides rupture of the

‘phosphoamide bond we also observed a partial rupture of the peptide bond.

i
i

3. Conclusions

Carbodiimide activation of the phosphoric acid residue of a nucleotide was

i
|
i
| |
utilized to synthesize adenylyl-(5' - N)-amino acids (peptides). This method
‘can be used in preparing nucleotide derivative esters of amino acids and pept- i

ides at either the o~ or the é-amino group.
: i

We described the conditions of alkaline hydrolysis of the ester bond in
;esters of nucleotidyl-(5' - N)-amino acids permitting the preparation, at satis%
}actory yield, of nucleotidylamino acids with a free carboxyl group.

The UV and IR spectra, electrophoretic mobilities, and Ry values in variou%
systems are given for the nucleotidyl-(5' — N}-amino acids synthesized in this %_

manner.
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